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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to bat- 
tery charging circuits and more particularly to a bal- 
anced battery charger for maintaining a balanced 
charge upon a plurality of battery cells which are con- 
nected in series with one another, so as to enhance the 
useful life thereof. 

BACKGROUND OF THE INVENTION 

[0002] Battery chargers for maintaining a desired 
charge upon one or more batteries are well known, and 
an example is provided by Motorola Inc. in European 
Patent Application No. EP 0731545. Such battery 
chargers are frequently utilized to maintain a charge up- 
on a plurality of series connected batteries by applying 
a voltage thereacross. The series connected batteries 
are thereby charged according to well known principles. 
[0003] However, it is also well known that such a con- 
temporary battery charger does not mitigate the forma- 
tion of an imbalanced charge upon the series connected 
batteries and that such an imbalance substantially re- 
duces the useful life of the batteries. As those skilled in 
the art will appreciate, such imbalances commonly oc- 
cur due to inherent differences in individual cell con- 
struction, such as differences in the internal resistance 
of each cell. 

[0004] Thus, it is beneficial to provide a battery charg- 
ing circuit for charging series connected batteries which 
prevents the formation of an imbalance between the bat- 
teries being charged, so as to enhance the useful life 
thereof. 

SUMMARY OF THE INVENTION 

[0005] The present invention specifically addresses 
and alleviates some of the deficiencies associated with 
the prior art. The invention is a balanced battery charger 
for maintaining a balanced charge upon a plurality of 
battery cells which are connected in series with one an- 
other, the balanced battery charger comprising: (a) a 
monitoring circuit for determining when an imbalance 
between the charges upon the battery cells occurs, said 
monitoring circuit comprising a tap for providing a cell 
charge signal representative of an actual charge on the 
selected battery cell(s); and (b) a charging/discharging 
circuit for selectively charging and discharging at least 
a selected one of the battery cells so as to generally 
balance the charge upon the battery cells, wherein bal- 
ancing the charge upon the battery cells substantially 
enhances a life thereof, as disclosed in EP-A-0731545, 
characterised in that: (i) the monitoring circuit comprises 
a voltage divider for providing a reference signal repre- 
sentative of a desired charge on the selected battery cell 
(s); and (ii) the charging/discharging circuit comprises a 



micro controller having a comparator for comparing the 
reference signal with the cell charge signal and for ef- 
fecting control of the charging/discharging circuit, and a 
multiplexed analog input and tri-state digital output port 

5 for receiving the cell charge signal and for effecting 
charging, discharging and maintenance of the charge 
upon the selected battery cell(s). The invention also pro- 
vides a method for maintaining a balanced battery 
charge as claimed in Claim 6. 

10 [0006] Balancing the charge upon the battery cells, in 
accordance with the apparatus and method of the 
present invention, substantially enhances the life of the 
battery cells. 

[0007] In a preferred embodiment of the present in- 

15 vention a PIC16C74 micro controller is used in the 
charging/discharging circuit, with the monitoring circuit 
being defined by an analog input circuit and a multi- 
plexed analog input and digital output circuit of the 
PIC16C74, and the charging/discharging circuit being 

20 defined by the multiplexed analog input and digital out- 
put circuit of the PIC16C74 micro controller. 
[0008] Preferably the charging/discharging circuit is 
configured to charge at least one selected battery cell 
when the selected battery cell(s) have a lower charge 

25 than other battery cells, discharge at least one selected 
battery cell when the selected battery cell(s) have a 
higher charge than other battery cells, and maintain a 
charge upon at least one selected battery cell when the 
selected battery cell(s) have substantially the same 

30 charge as the other battery cells. 

[0009] These, as well as other advantages of the 
present invention will be more apparent from the follow- 
ing description and drawings. It is understood that 
changes in the specific structure shown and described 

35 may be made within the scope of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

40 

FIG. 1 is a schematic of the preferred embodiment 
of the present invention; and 

FIG. 2 is a flow chart showing the operation of the 
45 preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

so [001 1] The detailed description set forth below in con- 
nection with the appended drawings is intended as a de- 
scription of the presently preferred embodiment of the 
invention and is not intended to represent the only form 
in which the present invention may be constructed or 

55 utilized. The description sets forth the functions and the 
sequence of steps for constructing and operating the in- 
vention in connection with the illustrated embodiment. 
It is to be understood, however, that the same or equiv- 
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alent functions and sequences may be accomplished by 
different embodiments that are also intended to be en- 
compassed within the appended claims. 
[0012] Referring now to FIG. 1, the balanced battery 
charger of the present invention generally comprises a 5 
plurality of battery cells 1 0 for which it is desired to main- 
tain a balanced charge thereupon, and a micro control- 
ler 12 for facilitating the maintenance of a balanced 
charge upon the plurality of battery cells 1 0. 
[0013] More particularly, the plurality of battery cells 
10 comprise a first battery cell 14 and a second battery 
cell 16 for which it is desirable to maintain a generally 
uniform charge thereupon so as to enhance the useful 
life thereof. Although only two battery cells 14, 16 are 
described and shown in accordance with the preferred *5 
embodiment of the present invention, those skilled in the 
art will appreciate that various different plural numbers 
of such battery cells may be utilized according to the 
present invention. Indeed, each individual cell 14, 16 of 
the present invention may actually comprise a plurality 20 
of cells connected either in series or parallel or any com- 
bination thereof, as desired. Thus, the balanced battery 
charger of the present invention may be utilized to main- 
tain a balanced or generally uniform charge upon either 
a plurality of single cells or various different configura- 25 
tions or groups of cells, as desired. 
[0014] According to the preferred embodiment of the 
present invention, a current source 18 provides charg- 
ing current to the plurality of battery cells 10 when first 
switch 20 is closed, thus completing the circuit to the 30 
plurality of battery cells 10. The first switch 20 is control- 
led via input 22 thereto which is communicated from dig- 
ital output 24 of the micro controller 12. 
[0015] The monitoring circuit generally comprises a 
voltage divider comprised of first 26 and second 28 re- 35 
sistors. The number and values of resistors in the volt- 
age divider is dependant upon the number of battery 
cells, e.g., 14, 16, in the plurality of battery cells 10. As 
those skilled in the art will appreciate, the values of the 
resistors of the voltage divider must be selected such *o 
that the voltage measured intermediate two resistors 
thereof is representative of the desired charge upon the 
first battery cell 14. 

[001 6] The actual charge upon the first battery cell 1 4 
is measured, through second switch 32 and current lim- 45 
iting resistor 34, at the multiplexed analog input and dig- 
ital output 36 of the micro controller 12. The micro con- 
troller 12 then compares the actual value of the charge 
upon the first battery cell 1 4 which is received at the mul- 
tiplexed analog input and digital output 36 with the de- 50 
sired charge for the first battery cell 14 as measured at 
the analog input 30 and generated by the voltage divider 
comprised of resistors 26 and 28. If the actual charge 
upon the first battery cell 14, as measured at the multi- 
plexed analog input and digital output 36 is higher than 55 
the desired charge, as measured at the analog input 30, 
then multiplexed analog input and digital output 36 is set 
to a low state so as to function as a drain and thereby 



4 

discharge the first battery cell 14. In a like manner, when 
the charge upon the first battery cell 14 determined to 
be at a lower than desired state when compared with 
the desired charge at the analog input 30, then the mul- 
tiplexed analog input and digital output 36 is set at a high 
state, so as to function as a source and thereby effect 
charging of the first battery cell 14. When the charge 
upon the first battery cell 14 is determined to be within 
tolerance, i.e., generally the same as the charge upon 
the second battery cell 16 such that a balanced condi- 
tion exists, then the multiplexed analog input and digital 
output 36 of the micro controller 12 is set at its zero level 
so as to effect maintenance of the charge upon the first 
battery cell 14, i.e., no charging or discharging of the 
first battery cell 14 occurs. 

[0017] As those skilled in the art will appreciate, when 
only two battery cells 14, 16 are utilized, then the first 
26 and second 28 resistors of the voltage divider will 
have equal values, e.g., 1 00 kohms, for example, so as 
to provide a signal representative of the desired value 
of the battery charge of the first battery 14 to the analog 
input 30 of the micro controller 12. 
[0018] The battery charge enable signal is provided 
by the digital output 24 of the micro controller 12 so as 
to effect actuation or closing of the first switch 20 and 
the second switch 32. The first switch 20 is closed so as 
to enable charging of the plurality of battery cells 10. 
The second switch 32 is closed so as to effect charging 
of the first battery cell 14 or discharging of the first bat- 
tery cell 14, as determined by the state of the multi- 
plexed analog input and digital output 36 of the micro 
controller 12. The second switch 32 also prevents cur- 
rent leakage from the plurality of battery cells 1 0 through 
the microprocessor, when the microprocessor is un pow- 
ered. However, as those skilled in the art will appreciate, 
the second switch 32 may not be required if the micro- 
processor itself prevents such leakage. 
[001 9] Voltage regulator 38 regulates the voltage out- 
put of the plurality of battery cells 10 to a desired value, 
such as +5 volts, which may be utilized to effect the pow- 
ering of desired electrical devices, including the micro 
controller 12, if desired. 

[0020] Referring now to Figure 2, in operation the volt- 
age is measured 100 at the top of the two cells in series 
and is resistively divided in half to determine the desired 
voltage for first battery cell 14. The voltage is also meas- 
ured 1 02 at the midpoint between the cells so as to effect 
measurement of the actual voltage upon the first battery 
cell 14. 

[0021] If the top measurement, i.e., the desired volt- 
age for the first battery cell 14 as input to the analog 
input 30 minus the mid measurement, i.e., the actual 
measurement of the voltage upon the first battery cell 
14 as measured at the multiplexed analog input and dig- 
ital output 36, is greater than a predetermined limit 104, 
then the multiplexed analog input and digital output 36 
is set 108 to a logic 1 so as to function as a current 
source to effect charging of the first battery cell 14. Oth- 
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erwise, if the mid measurement minus the top measure- 
ment is greater than the preset limit, then the multi- 
plexed analog input and digital output 36 is set 110 to 
logic 0 so as to function as a drain or sink so as to effect 
discharging of the first battery cell 14. 
[0022] Otherwise, the multiplexed analog input and 
digital output 36 of the micro controller 12 is set 112 to 
the tri-state midpoint so as to effect maintenance of the 
charge upon the first battery cell 14, i.e., no substantial 
charging or discharging occurs. 
[0023] According to the preferred embodiment of the 
present invention, the process repeats 114 after approx- 
imately a one second delay, so as to effect repeated and 
continual monitoring of the balance of the charge upon 
the plurality of battery ceils 10 and so as to effect the 
generally constant maintenance of a desired balanced 
condition thereof. 

[0024] Also, although the P1C16C74 micro controller 
12 utilizes a multiplexed analog input and digital output 
36, those skilled in the art will appreciate that various 
other microprocessors may be utilized which provide for 
analog input and digital output on separate pins thereof. 
[0025] It is understood that the exemplary balanced 
battery charger described herein and shown in the draw- 
ings represents only a presently preferred embodiment 
of the invention. Indeed, various modifications and ad- 
ditions may be made to such embodiment without de- 
parting from the scope of the appended claims. For ex- 
ample, the limits for steps 104 and 106 of FIG. 2 may 
be different from one another, as desired. Also, various 
different types and numbers of battery cells may be uti- 
lized. Further, as those skilled in the art will appreciate, 
various different microprocessors may be utilized. In- 
deed, a custom micro controller may be utilized. 
[0026] Thus, these and other modifications and addi- 
tions may be obvious to those skilled in the art and may 
be implemented to adapt the present invention for use 
in a variety of different applications. 



Claims 

1. A balanced battery charger for maintaining a bal- 
anced charge upon a plurality (10) of battery cells 
(14,16) which are connected in series with one an- 
other, the balanced battery charger comprising: 

a) a monitoring circuit for determining when an 
imbalance between the charges upon the bat- 
tery cells (14,1 6) occurs, said monitoring circuit 
comprising a tap for providing a cell charge sig- 
nal representative of an actual charge on the 
selected battery celi(s); and 

b) a charging/discharging circuit for selectively 
charging and discharging at least a selected 
one of the battery cells so as to generally bal- 
ance the charge upon the battery cells (14,16), 



wherein balancing the charge upon the battery 
cells (14,16) substantially enhances a life 
thereof; 

5 characterised in that: 

(i) the monitoring circuit comprises a voltage di- 
vider (26,28) for providing a reference signal 
representative of a desired charge on the se- 

10 lected battery cell(s); and 

(ii) the charging/discharging circuit comprises 
a micro controller (1 2) having a comparator for 
comparing the reference signal with the cell 

15 charge signal and for effecting control of the 

charging/discharging circuit, and a multiplexed 
analog input and tri-state digital output port for 
receiving the cell charge signal and for effecting 
charging, discharging and maintenance of the 

20 charge upon the selected battery cell(s). 

2. A balanced battery charger as claimed in Claim 1, 
wherein the monitoring circuit is configured to mon- 
itor a selected battery cell's charge relative to a 

25 charge of a plurality (10) of the battery cells (14,16). 

3. A balanced battery charger as claimed in Claim 1, 
wherein the monitoring circuit monitors a selected 
battery cell's charge relative to a charge of all of the 

30 battery cells (14,16). 

4. A balanced battery charger as claimed in Claim 1 
wherein the charging/discharging circuit is config- 
ured to discharge at least one selected battery cell 

35 when the selected battery cell is charged higher 
than a desired charge. 

5. A balanced battery charger as claimed in Claim 1 , 
wherein the charging/discharging circuit is config- 

40 ured to: 

a) charge at least one selected battery cell 
when the selected battery cell(s) have a lower 
charge than other battery cells; 

45 

b) discharge at least one selected battery cell 
when the selected battery cell(s) have a higher 
charge than other battery cells; and 

50 c) maintain a charge upon at least one selected 

battery cell when the selected battery cell(s) 
have substantially the same charge as other 
battery cells. 

55 6. A method for maintaining a balanced charge upon 
a plurality (10) of battery cells (14,16) which are 
connected in series with one another, the method 
comprising the steps of 
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a) determining when an imbalance between the 
charges upon the battery cells (14, 16) occurs, 
involving obtaining, via a tap, a cell charge sig- 
nal representative of an actual charge on the 
selected battery cell(s); and 

b) selectively charging, discharging or main- 
taining the charge upon at least a selected one 
of the battery ceils so as to generally balance 
the charge upon the battery cells (14,16), 
wherein balancing the charge upon the battery 
cells (14,16) substantially enhances a life 
thereof; 

characterised in that the step of determining when 
an imbalance between the charges upon the battery 
cells (14,16) occurs comprises: 

(i) obtaining, via a voltage divider, a reference 
signal representative of a desired charge on the 
selected battery cell(s); and 

(ii) comparing the reference signal with the cell 
charge signal; and wherein the step of selec- 
tively charging, discharging or maintaining the 
charge upon at least a selected one of the bat- 
tery cells comprises: using the comparison re- 
sult to effect control of a charging/discharging 
circuit comprising a micro controller (1 2) having 
a multiplexed analog input and tri-state digital 
output port for receiving the cell charge signal 
and for effecting charging, discharging and 
maintenance of the charge upon the selected 
battery ceil(s). 

7. A method for maintaining a balanced charge upon 
a plurality (10) of battery cells (14,16) as claimed in 
Claim 6, wherein the step of determining when an 
imbalance between the charges upon the battery 
cells occurs comprises monitoring a selected bat- 
tery cell's charge relative to a charge of a plurality 
(1 0) of the battery cells (14,16). 

8. A method for maintaining a balanced charge upon 
a plurality (1 0) of battery cells (14,1 6) as claimed in 
Claim 6, wherein the step of determining when an 
imbalance between the charges upon the battery 
cells occurs comprises monitoring a selected bat- 
tery cell's charge relative to a charge of all of the 
battery cells (14,16). 



Patentanspruche 

1 . Ausgeglichenes BatterieladegerSt zum Aufrechter- 
halten einer ausgeglichenen Ladung auf einer Viel- 
zahl (10) von Batteriezellen (14, 16), die zueinander 
in Reihe geschaltet sind, wobei das ausgeglichene 
Batterieladegerat umfasst: 



a) eine Oberwachungsschaltung zum Bestim- 
men, wenn eine Unausgeglichenheit zwischen 
den Ladungen auf den Batteriezellen (14, 16) 
auftritt, wobei die Oberwachungsschaltung ei- 

5 ne Anzapfung zum Bereitstellen eines Zellen- 

ladesignals, das eine tatsdchliche Ladung der 
gewShlten Batteriezelle (Batteriezellen) dar- 
stellt, umfasst; und 

b) eine Lade-/Entlade-Schaltung zum selekti- 
10 ven Laden und Entladen von wenigstens einer 

gewdhlten der Batteriezellen, urn so aligemein 
die Ladung auf den Batteriezellen (14, 16) aus- 
zugleichen, wobei eine Ausgleichung der La- 
dung auf den Batteriezellen (14, 16) deren Le- 
15 bensdauer wesentlich veriSngert; 

dadurch gekennzeichnet dass: 

i) die Oberwachungsschaltung einen Span- 
20 nungsteiler (26, 28) zum Bereitstellen eines 

Referenzsignals, das eine gewOnschte Ladung 
auf der(den) gewShlten Batteriezelle (Batterie- 
zellen) darstellt, umfasst; und 

ii) die Lade-/Entlade-Schaltung einen Mikro- 
25 controller (1 2) mit einem Vergleicher zum Ver- 

gleichen des Referenzsignals mit dem Zellen- 
ladesignal und zum Bewirken einer Steuerung 
der Lade-/Entlade-Schaltung, und einen multi- 
plexierten analogen Eingang und digitalen Aus- 
30 gangs-Anschluss mit drei Zustanden zum 

Empfangen des Zellenladesignals und zum Be- 
wirken einer Ladung/Entladung und Aufrecht- 
erhaltung der Ladung auf der(den) gewShlten 
Batteriezelle (Batteriezellen) umfasst. 

35 

2. Ausgeglichenes Batterieladegerat nach Anspruch 
1, wobei die Oberwachungsschaltung konfiguriert 
ist, urn eine Ladung einer gewShlten Batteriezelle 
relativ zu einer Ladung einer vlelzahi (10) der Bat- 

40 teriezellen (14, 16) zu Oberwachen. 

3. Ausgeglichenes Batterieladegerat nach Anspruch 
1, wobei die Oberwachungsschaltung eine Ladung 
einer gewShlten Batteriezelle relativ zu einer La- 

45 dung von alien Batteriezellen (14, 16) Oberwacht. 

4. Ausgeglichenes Batterieladegerat nach Anspruch 
1, wobei die Lade-/Entlade-Schaltung konfiguriert 
ist, um wenigstens eine gewShlte Batteriezelle zu 

50 entladen, wenn die gewahlte Batteriezelle hflher als 
eine gewOnschte Ladung geladen ist. 

5. Ausgeglichenes Batterieladegerat nach Anspruch 
1, wobei die Lade-/Entlade-Schaltung konfiguriert 

55 ist, um: 

a) wenigstens eine gewShlte Batteriezelle zu 
laden, wenn die gewdhlte Batteriezelle (die ge- 
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wShlten Batteriezellen) eine niedrigere Ladung 
als andere Batteriezellen aufweist (aufweisen); 

b) wenigstens eine gewahlte Batteriezelle zu 
entladen, wenn die gewShlte Batteriezelle (die 5 
gewShlten Batteriezellen) eine hOhere Ladung 
als andere Batteriezellen aufweist (aufweisen); 
und 

c) eine Ladung auf wenigstens einer gewShlten io 
Batteriezelle aufrechtzuerhalten, wenn die ge- 
wShlte Batteriezelle (die gewShlten Batteriezel- 
len) im wesentlichen die gieiche Ladung wie 
andere Batteriezellen aufweist (aufweisen). 

15 

Verfahren zum Aufrechterhalten einer ausgegliche- 
nen Ladung auf einer Vielzahl (10) von Batteriezel- 
len (14, 16), die in Reihe zueinander geschaltet 
sind, wobei das Verfahren die folgenden Schritte 
aufweist: 20 

a) Bestimmen, wenn eine Unausgeglichenheit 
zwischen den Ladungen auf den Batteriezellen 
(1 4, 16) auftritt, was beinhaltet, dass uber eine 
Anzapfung ein Zellenladesignal erhalten wird, 25 
das eine tatsachliche Ladung auf der gewShl- 
ten Batteriezelle (auf den gewShlten Batterie- 
zellen) darstellt; und 

b) selektives Laden, Entladen oder Aufrechter- 30 
halten der Ladung auf wenigstens einer ge- 
wShlten der Batteriezellen, um so allgemein die 
Ladung auf den Batteriezellen (14, 16) auszu- 
gleichen, wobei ein Ausgleichen der Ladung 
auf den Batteriezellen (14, 16) deren Lebens- 35 
dauer wesentlich verlSngert; 

dadurch gekennzeichnet, dass der Schritt 
zum Bestimmen, wenn ein Ungleichgewicht zwi- 
schen den Ladungen auf den Batteriezellen (14, 16) 40 
auftritt, die folgenden Schritte umfasst: 



Zellenladesignals und zum Bewirken einer Ladung, 
Entladung und Aufrechterhaltung der Ladung auf 
der gewahlten Batteriezelle (auf den gewahlten 
Batteriezellen) umfasst. 

7. Verfahren zum Aufrechterhalten einer ausgegliche- 
nen Ladung auf einer Vielzahl (10) von Batteriezel- 
len (14, 16)nach Anspruch 6, wobei der Schritt zum 
Bestimmen, wenn ein Ungleichgewicht zwischen 
den Ladungen auf den Batteriezellen auftritt, ein 
Oberwachen einer Ladung einer gewahlten Batte- 
riezelle relativ zu einer Ladung einer Vielzahl (10) 
der Batteriezellen (14, 16) umfasst. 

8. Verfahren zum Aufrechterhalten einer ausgegliche- 
nen Ladung auf einer Vielzahl (10) von Batteriezel- 
len (14,16) nach Anspruch 6, wobei der Schritt zum 
Bestimmen, wenn ein Ungleichgewicht zwischen 
den Ladungen auf den Batteriezellen auftritt, ein 
Oberwachen einer Ladung einer gewahlten Batte- 
riezelle relativ zu einer Ladung von alien Batterie- 
zellen (14, 16) umfasst. 



Revendications 

1. Chargeur de batterie avec fonction d'equilibrage 
pour maintenir une charge equilibree sur une plu- 
rality (10) de cellules de batterie (14, 16) qui sont 
connectees en serie les unes aux autres, le char- 
geur de batterie avec fonction d'equilibrage com- 
prenant: 

a) un circuit de surveillance pour determiner 
lorsqu'un desequilibre entre les charges sur les 
cellules de batterie (14, 1 6) se produit, ledit cir- 
cuit de surveillance comprenant une connexion 
intermediate pour appliquer un signal de char- 
ge de cellule representatif d'une charge reelle 
sur la ou les cellules de batterie selectionnees; 
et 



, i) Ermitteln, Ober einen Spannungsteiler, eines 
Referenzsignals, r das eine gewunschte Ladung 
auf der gewShlten Batteriezelle (den gewShlten 45 
Batteriezellen) darstellt; und 
ii) Vergleichen des Referenzsignals mit dem 
Zellenladesignal; 

und wobei der Schritt zum selektiven Laden, Entla- 50 
den oder Aufrechterhalten der 
Ladung auf wenigstens einer gewahlten der Batte- 
riezellen die folgenden Schritte umfasst: Verwen- 
den des Vergleichsergebnisses, um eine Steuerung 
einer Lade-/Entlade-Schaltung zu bewirken, die ei- 55 
nen Mikro controller (12) mit einem multiplexierten 
analogen Eingang und digitalen Ausgangsan- 
schluss mit drei ZustSnden zum Empfangen des 



b) un circuit de charge/decharge pour charger 
et decharger de facon selective au moins Tune 
selectionnee des cellules de batterie de manie- 
re a equilibrer de facon generate la charge sur 
les cellules de batterie (14, 16), ou I'equilibre 
de la charge sur les cellules de batterie (14, 16) 
ameliore de facon substantielie leur duree de 
vie, 

caracterise en ce que: 

(i) le circuit de surveillance comprend un divi- 
seur de tension (26, 28) pour appliquer un si- 
gnal de ref6rence representatif d'une charge 
souhaitee sur la ou les cellules de batterie se- 
lectionnees; et 
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11 

(ii) fe circuit de charge/d6charge comprend un 
microcontr6leur (12) qui comporte un compa- 
rateur pour comparer le signal de reference au 
signal de charge de cellule et pour realiser une 
commande du circuit de charge/decharge et un 5 
port d'entree analogique multiplexes et de sor- 
tie numerique a 3 etats pour recevoir le signal 
de charge de cellule et pour realiser une char- 
ge, une decharge et un maintien de la charge 
sur la cellule ou les cellules de batterie s6lec- 10 
tionnees. 

2. Chargeurde batterie avecfonction d'equilibragese- 
lon la revendication 1 t dans lequel le circuit de sur- 
veillance est configure pour surveiller une charge 15 
de cellule de batterie selectionnee par rapport a une 
charge d'une pluralite (10) des cellules de batterie 
(14, 16). 

3. Chargeur de batterie avec fonction d'equilibrage se- 20 
Ion la revendication 1, dans lequel le circuit de sur- 
veillance surveille une charge de cellule de batterie 
selectionnee par rapport a une charge de toutes les 
cellules de batterie (14, 16). 

25 

4. Chargeur de batterie avec fonction d'equilibrage se- 
lon ia revendication 1 , dans lequel le circuit de char- 
ge/decharge est configure pour decharger au 
moins une cellule de batterie selectionnee lorsque 

la cellule de batterie selectionnee est chargee plus 30 
haut qu'une charge souhaitee. 

5. Chargeur de batterie avec fonction d'equilibrage sa- 
lon la revendication 1 , dans lequel le circuit de char- 
ge/decharge est configure pour: 35 

a) charger au moins une cellule de batterie se- 
lectionnee lorsque la ou les cellules de batterie 
selectionnees presentent une charge plus bas- 
se que d'autres cellules de batterie; <o 



6. Procede pour maintenir une charge 6quilibr6e sur 
une pluralite (1 0) de cellules de batterie (14, 16) qui 
sont connectees en serie les unes aux autres, le 55 
proc6d6 comprenant les 6tapes de: 

a) determination de lorsqu'un desequilibre en- 



tre les charges sur les cellules de batterie (14, 
1 6) se produit en mettant en jeu I'obtention, via 
une connexion intermediate, d'un signal de 
charge de cellule qui est representatif d'une 
charge reelle sur la ou les cellules de batterie 
selectionnees; et 

b) de facon selective, charge, decharge ou 
maintien de la charge sur au moins I'une selec- 
tionnee des cellules de batterie de maniere a 
6quilibrer de facon g§nerale la charge sur les 
cellules de batterie (14, 16), dans lequel un 
equilibrage de la charge sur les cellules de bat- 
terie (14, 16) ameliore de fagon substantielle 
leur dur6e de vie, 

caracteris6 en ce que Petape de determina- 
tion de lorsqu'un desequilibre entre les charges sur 
les cellules de batterie (14, 16) se produit com- 
prend: 

(i) I'obtention, via un diviseur de tension, d'un 
signal de reference qui est representatif d'une 
charge souhaitee sur la cellule ou les cellules 
de batterie selectionnees; et 

(ii) la comparaison du signal de reference a vec 
le signal de charge de cellule; et dans lequel 

l'6tape consistant a, de fagon selective, charger, de- 
charger ou maintenir la charge sur au moins I'une 
selectionnee des cellules de batterie comprend: 
Putilisation du r6sultat de comparaison pour effec- 
tuer une commande d'un circuit de charge/dechar- 
ge comprenant un microcontrdleur (12) comportant 
un port d'entr6e analogique multiplex6e et de sortie 
numerique a 3 etats pour recevoir le signal de char- 
ge de cellule et pour r6aliser une charge, une de- 
charge et un maintien de la charge sur la ou les cel- 
lules de batterie selectionnees. 

Proc6d6 de maintien d'une charge equilibr£e sur 
une pluralite (10) de cellules de batterie (14, 1 6) se- 
lon la revendication 6, dans lequel l'6tape de deter- 
mination de lorsqu'un desequilibre entre les char- 
ges sur les cellules de batterie se produit comprend 
la surveillance d'une charge de cellule de batterie 
selectionnee par rapport a une charge d'une plura- 
lite (10) des cellules de batterie (14, 16). 

Proc6d6 de maintien d'une. charge 6quilibr£e sur 
une pluralite (10) de cellules de batterie (14, 1 6) se- 
lon la revendication 6, dans lequel l'6tape de deter- 
mination de lorsqu'un d6s6quilibre entre les char- 
ges sur les cellules de batterie se produit comprend 
ia surveillance d'une charge de cellule de batterie 
s6lectionn6e par rapport a une charge de toutes les 
cellules de batterie (14, 16). 



b) decharger au moins une cellule de batterie 7. 
selectionnee lorsque la ou les cellules de bat- 
terie selectionnees presentent une charge plus 

haute que d'autres cellules de batterie; et 45 

c) maintenir une charge sur au moins une cel- 
lule de batterie selectionnee lorsque la ou les 
cellules de batterie selectionnees presentent 
sensiblement la m§me charge que d'autres eel- so 
lules de batterie. 8. 
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(54) Balanced battery charger 

(57) A balanced battery charger maintains a bal- 
anced charge upon a plurality of battery cells which are 
connected in series with one another. The balanced 
battery changer has a monitoring circuit for determining 
when an imbalance between the charge upon the bat- 
tery cells occurs and a charging/discharging circuit for 
selectively charging and discharging at least a selected 
one of the battery cells so as to generally balance the 
charge upon the battery cells. Balancing the charge 
upon the battery cells substantially enhances the life 
thereof. 
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Description 

Field of the Invention 

The present invention relates generally to battery s 
charging circuits and more particularly to a balanced 
battery charger for maintaining a balanced charge upon 
a plurality of battery cells which are connected in series 
with one another, so as to enhance the useful life 
thereof. 10 

Background of the Invention 

Battery chargers for maintaining a desired charge 
upon one or more batteries are well known. Such bat- 15 
tery chargers are frequently utilized to maintain a 
charge upon a plurality of seriesed batteries by applying 
a voltage thereacross. The seriesed batteries are 
thereby charged according to well known principles. 

However, it is also well known that such a corttem- 20 
porary battery charger does not mitigate the formation 
of an imbalanced charge upon the seriesed batteries 
and that such an imbalance substantially reduces the 
useful life of the batteries. As those skilled in the art will 
appreciate, such imbalances commonly occur due to 25 
inherent differences in individual cell construction, such 
as differences in the internal resistance of each cell. 

Thus, it is beneficial to provide a battery charging 
circuit for charging seriesed batteries which prevents 
the formation of an imbalance between the batteries 30 
being charged, so as to enhance the useful life thereof. 

Summary of the Invention 

The present invention specifically addresses and 
alleviates the above-mentioned deficiencies associated 
with the prior art. More particularly, the present inven- 
tion comprises a balanced battery charger for maintain- 
ing a balanced charge upon a plurality of battery cells 
which are connected in series with one another. The 
balanced battery charger more particularly comprises a 
monitoring circuit for determining when an imbalance 
between the charge upon the battery cells occurs, and 
a charging/discharging circuit for charging and dis- 
charging at least a selected one of the battery cells so 
as to generally balance the charge upon the battery 
cells. Balancing the charge upon the battery cells sub- 
stantially enhances the life thereof. 

The monitoring circuit is preferably configured to 
monitor a selected battery cell's charged relative to a 
charge of a plurality of the battery cells. According to the 
preferred embodiment of the present invention, the 
monitoring circuit is configured to monitor a selected 
battery cell's charge relative to the charge of all of the 
battery ceils. 

The monitoring circuit preferably comprises a volt- 
age divider for providing a reference signal representa- 
tive of a desired charge on selected battery ceils and a 



tap for providing a battery cell charge signal represent- 
ative of an actual charge on the selected batter cell(s). 
A comparitor compares the reference signal to the cell 
charge signal and effects control of the charging/dis- 
charging circuit. 

Thus, the monitoring circuit preferably comprises a 
voltage divider for providing a reference signal repre- 
sentative of a desired charge on selected battery cells, 
a tap for providing a battery cell charge signal repre- 
sentative of the actual charge on the selected battery 
signal, and a comparitor for comparing the referenced 
signal to the cell charged signal and for effecting control 
of the charging/discharging circuit. The charging/dis- 
charging circuit preferably comprises a micro controller 
having a tri-state output, the tri-state output facilitating 
charging, discharging, and maintenance of the charge 
upon the selected battery cell(s). 

According to the preferred embodiment of the 
present invention, the monitoring circuit and the charg- 
ing/discharging circuit are at least partially defined by a 
micro controller, preferably via a multiplexed analog 
input and digital output of the micro controller. More par- 
ticularly, the monitoring circuit and the charging/dis- 
charging circuit are at least partially defined by a 
PIC16C74 micro controller, with the monitoring circuit 
being defined by an analog input circuit and a multi- 
plexed analog input and digital output circuit of the 
PIC16C74, and the charging/discharging circuit being 
defined by the multiplexed analog input and digital out- 
put circuit of the PIC16C74 micro controller. 

Thus, according to the preferred embodiment of the 
present invention, the balanced battery charger com- 
prises a charging/discharging circuit which is configured 
to charge at least one selected battery cell when the 
selected battery cell(s) have a lower charge than other 
battery cells, discharge at least one selected battery cell 
when the selected battery cell(s) have a higher charge 
than other battery cells, and maintain a charge upon at 
least one selected battery cell when the selected bat- 
tery ceil(s) have substantially the same charge as the 
other battery cells. 

These, as well as other advantages of the present 
invention will be more apparent from the following 
description and drawings. It is understood that changes 
in the specific structure shown and described may be 
made within the scope of the claims without departing 
from the spirit of the invention. 

Brief Description of the Drawings 

Figure 1 is a schematic of the preferred embodi- 
ment of the present invention; and 
Figure 2 is a flow chart showing the operation of the 
preferred embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

The detailed description set forth below in connec- 
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tion with the appended drawings is intended as descrip- 
tion of the presently preferred embodiment of the 
invention and is not intended to represent the only form 
in which the present invention may be constructed or 
utilized. The description sets forth the functions and the 5 
sequence of steps for constructing and operating the 
invention in connection with the Illustrated embodiment. 
It is to be understood, however, that the same or equiv- 
alent functions and sequences may be accomplished by 
different embodiments that are also intended to be 10 
encompassed within the spirit and scope of the inven- 
tion. 

Referring now to Figure 1, the balanced battery 
charger of the present invention generally comprises a 
plurality of battery cells 10 for which it is desired to 15 
maintain a balanced charge thereupon, and a micro 
controller 12 for facilitating the maintenance of a bal- 
anced charge upon the plurality of battery ceils 10. 

More particularly, the plurality of battery cells 10 
comprise a first battery cell 1 4 and a second battery cell so 
16 for which it is desirable to maintain a generally uni- 
form charge thereupon so as to enhance the useful life 
thereof. Although only two battery cells 14, 16 are 
described and shown in accordance with the preferred 
embodiment of the present invention, those skilled in 25 
the art will appreciate that various different plural num- 
bers of such battery cells may be utilized according to 
the present invention. Indeed, each individual cell 14, 
1 6 of the present invention may actually comprise a plu- 
rality of cells connected either in series or parallel or any so 
combination thereof, as desired. Thus, the balance bat- 
tery charger of the present invention may be utilized to 
maintain a balanced or generally uniform charge upon 
either a plurality of single cells or various different con- 
figurations or groups of cells, as desired. ss 

According to the preferred embodiment of the 
present invention, a current source 18 provides charg- 
ing current to the plurality of battery cells 10 when first 
switch 20 is closed, thus completing circuit to the plural- 
ity of battery cells 1 0. The first switch 20 is controlled via 40 
input 22 thereto which is communicated from digital out- 
put 24 of the micro controller 12. 

The monitoring circuit generally comprises a volt- 
age divider comprised of first 26 and second 28 resis- 
tors. The number and values of resistors in the voltage 45 
divider is dependant upon the number of battery cells, 
e.g., 14, 16, in the plurality of battery cells 10. As those 
skilled in the art will appreciate, the values of the resis- 
tors of the voltage divider must be selected such that 
the voltage measured intermediate two resistors thereof so 
is representative of the desired charge upon the first 
battery cell 14. 

The actual charge upon the first battery cell 14 is 
measured, through second switch 32 and current limit- 
ing resistor 34, at the multiplexed analog input and dig- ss 
ital output 36 of the micro controller 12. The micro 
controller 12 then compares the actual value of the 
charge upon the first battery cell 1 4 which is received at 



the multiplexed analog input and digital output 36 with 
the desired charge for the first battery cell 14 as meas- 
ured at the analog input 30 and generated by the volt- 
age divider comprised of resistors 26 and 28. If the 
actual charge upon the first battery cell 14, as meas- 
ured at the multiplexed analog input and digital output 
36 is higher than the desired charge, as measured at 
the analog input 30, then multiplexed analog input and 
digital output 36 is set to a low state so as to function as 
a drain and thereby discharge the first battery cell 1 4. In 
a like manner, when the charge upon the first battery 
cell 14 determined to be at a lower than desired state 
when compared with the desired charge at the analog 
input 30, then the multiplexed analog input and digital 
output 36 is set at a high state, so as to function as a 
source and thereby effect charging of the first battery 
cell 14. When the charge upon the first battery cell 14 is 
determined to be within tolerance, i.e., generally the 
same as the charge upon the second battery cell 16 
such that a balanced condition exists, then the multi- 
plexed analog input and digital output 36 of the micro 
controller 12 is set at its zero level so as to effect main- 
tenance of the charge upon the first battery cell 1 4, i.e. , 
no charging or discharging of the first battery cell 14 
occurs. 

As those skilled in the art will appreciate, when only 
two battery cells 14, 16 are utilized, then the first 26 and 
second 28 resistors of the voltage divider will have 
equal values, e.g., 100 kohms, for example, so as to 
provide a signal representative of the desired value of 
the battery charge of the first battery 14 to the analog 
input 30 of the micro controller 12. 

The battery charge enable signal is provided by the 
digital output 24 of the micro controller 1 2 so as to effect 
actuation or closing of the first switch 20 and the second 
switch 32. The f irst switch 20 is closed so as to enable 
charging of the plurality of battery cells 10. The second 
switch 32 is closed so as to effect charging of the first 
battery cell 14 or discharging of the first battery cell 14, 
as determined by the state of the multiplexed analog 
input and digital output 36 of the micro controller 12. 
The second switch 32 also prevents current leakage 
from the plurality of battery cells 10 through the micro- 
processor, when the microprocessor is unpowered. 
However, as those skilled in the art will appreciate, the 
second switch 32 may not be required if the microproc- 
essor itself prevents such leakage. 

Voltage regulator 38 regulates the voltage output of 
the plurality of battery cells 10 to a desired value, such 
as +5 volts, which may be utilized to effect the powering 
of desired electrical devices, including the micro control- 
ler 12, if desired. 

Referring now to Figure 2, in operation the voltage 
is measured 100 at the top of the two cells in series and 
is resistively divided in half to determine the desired 
voltage for first battery cell 14. The voltage is also meas- 
ured 102 at the midpoint between the cells so as to 
effect measurement of the actual voltage upon the first 
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battery cell 14. 

If the top measurement, I.e., the desired voltage for 
the first battery cell 14 as input to the analog input 30 
minus the mid measurement, i.e., the actual measure- 
ment of the voltage upon the first battery cell 14 as 
measured at the multiplexed analog input and digital 
output 36, is greater than a predetermined limit 104, 
then the multiplexed analog input and digital output 36 is 
set 108 to a logic 1 so as to function as a current source 
to effect charging of the first battery cell 14. Otherwise, 
if the mid measurement minus the top measurement is 
greater than the preset limit, then the multiplexed ana- 
log input and digital output 36 is set 1 10 to logic 0 so as 
to function as a drain or sink so as to effect discharging 
of the first battery cell 14. 

Otherwise, the multiplexed analog input and digital 
output 36 of the micro controller 1 2 is set 1 1 2 to the tri- 
state midpoint so as to effect maintenance of the charge 
upon the first battery cell 14, i.e., no substantial charg- 
ing or discharging occurs. 

According to the preferred embodiment of the 
present invention, the process repeats 1 14 after approx- 
imately a one second delay, so as to effect repeated and 
continual monitoring of the balance of the charge upon 
the plurality of battery cells 10 and so as to effect the 
generally constant maintenance of a desired balanced 
condition thereof. 

Also, although the PIC16C74 micro controller 12 
utilizes a multiplexed analog input and digital output 36, 
those skilled in the art will appreciate that various other 
microprocessors may be utilized which provide for ana- 
log input and digital output on separate pins thereof. 

It is understood that the exemplary balanced bat- 
tery charger described herein and shown in the draw- 
ings represents only a presently preferred embodiment 
of the invention. Indeed, various modifications and addi- 
tions may be made to such embodiment without depart- 
ing from the spirit and scope of the invention. For 
example, the limits for steps 104 and 106 of Figure 2 
may be different from one another, as desired. Also, var- 
ious different types and numbers of battery cells may be 
utilized. Further, as those skilled in the art will appreci- 
ate, various different microprocessors may be utilized, 
indeed, a custom micro controller may be utilized. 

Thus, these and other modifications and additions 
may be obvious to those skilled in the art and may be 
implemented to adapt the present invention for use in a 
variety of different applications. 

Claims 

1. A balanced battery charger for maintaining a bal- 
anced charge upon a plurality of battery ceils which 
are connected in series with one another, the bal- 
anced battery charger comprising: 

a) a monitoring circuit for determining when an 
imbalance between the charges upon the bat- 



tery cells occurs; and 

b) a charging/discharging circuit for selectively 
charging and discharging at least a selected 
one of the battery cells so as to generally bal- 

5 ance the charge upon the battery cells; 

c) wherein balancing the charge upon the bat- 
tery cells substantially enhances a life thereof. 

2. The balanced battery charger as recited in Claim 1 , 
w wherein the monitoring circuit is configured to mon- 
itor a selected battery cell's charge relative to a 
charge of a plurality of the battery cells. 

3. The balanced battery charger as recited in Claim 1 , 
15 wherein the monitoring circuit monitors a selected 

battery cell's charge relative to a charge of all of the 
battery cells. 

4. The balanced battery charger as recited in Claim 1 , 
20 wherein the monitoring circuit comprises: 

a) a voltage divider for providing a reference 
signal representative of a desired charge upon 
selected battery cell(s); 

25 b) a tap for providing a cell charge signal repre- 

sentative of an actual charge on the selected 
battery cell(s); 

c) a comparitor for comparing the reference 
signal to the ceil charge signal and for effecting 
30 control of the charging/discharging circuit. 

5. The balanced battery charger as recited in Claim 1 , 
wherein: 

35 a) the monitoring circuit comprises a voltage 

divider for providing a reference signal repre- 
sentative of a desired charge on selected bat- 
tery cells, a tap for providing a cell charge 
signal representative of an actual charge on 

40 the selected battery cell(s), and a comparitor 

for comparing the reference signal to the cell 
charge signal and for effecting control of the 
charging/discharging circuit; and 

b) the charging/discharging circuit comprises a 
45 micro controller having a tri-state output, the tri- 

state output facilitating charging, discharging, 
and maintenance of the charge upon the 
selected battery cell(s). 

so 6. The balanced battery charger as recited in Claim 1 , 
wherein the monitoring circuit and the charging/dis- 
charging circuit are at least partially defined by a 
micro controller. 

55 7. The balanced battery charger as recited in Claim 1 , 
wherein the charging/discharging is at least par- 
tially defined by a multiplexed analog input and dig- 
ital output of a micro controller. 
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8. The balanced battery charger as recited in Claim 1 , 
wherein the monitoring circuit and the charging/dis- 
charging circuit are at least partially defined by a 
PIC16C74 micro controller, with the monitoring cir- 
cuit being defined by an analog input circuit and a s 
multiplexed analog input and digital output circuit of 
the PIC16C74, and the charging/discharging circuit 
being defined by a multiplexed analog input and 
digital oulput circuit of the PIC16C74 micro control- 
ler. 10 

9. The balanced battery charger as recited in Claim 1 , 
. wherein the charging/discharging circuit is config- 
ured to: 

15 

a) charge at least one selected battery cell 
when the selected battery celi(s) have a lower 
charge than other battery cells; 

b) discharge at least one selected battery cell 
when the selected battery cell(s) have a higher 20 
charge than other battery cells; and 

c) maintain a charge upon at least one selected 
battery cell when the selected battery cell(s) 
have substantially the same charge as other 
battery cells. 25 

10. A method for maintaining a balanced charge upon a 
plurality of battery cells which are connected in 
series with one another, the method comprising the 
steps of: 30 

a) determining when an imbalance between 
the charges upon the battery celis occurs; and 

b) selectively charging and discharging at least 

a selected one of the battery cells so as to gen- 35 
eraliy balance the charge upon the battery 
cells; 

c) wherein balancing the charge upon the bat- 
tery cells substantially enhances a life thereof. 

40 

11. The method as recited in Claim 10, wherein the 
step of determining when an imbalance between 
the charge upon the battery ceils occurs comprises 
monitoring a selected battery cell's charge relative 

to a charge of a plurality of the battery cells. 45 

12. The method as recited in Claim 10, wherein the 
• step of determining when an imbalance between 

the charge upon the battery cells occurs comprises 
monitoring a selected battery cell's charge relative so 
to a charge of all of the battery cells. 

13. The method as recited in Claim 10, wherein the 
step of determining when an imbalance between 
the charge upon the battery ceils occurs comprises 55 
the steps of: 

a) providing a reference signal representative 



of a desired charge upon selected battery 
celi(s); 

b) providing a cell charge signal representative 
of an actual charge upon the selected battery 
cell(s); 

c) comparing the reference signal to the cell 
charge signal and utilizing the result to effect 
control of the charging/discharging circuit. 

14. The method as recited in Claim 10, wherein the 
step of determining when an imbalance between 
the charge upon the battery cells occurs comprises: 

a) providing a reference signal representative 
of a desired charge on selected battery cells 
via a voltage divider; 

b) providing a cell charge signal representative 
of an actual charge on the selected battery 
ce!l(s) via a tap; 

c) comparing the reference signal to the cell 
charge signal and then utilizing the result to 
effect control of the charging/discharging cir- 
cuit; and 

d) selectively charging, discharging and main- 
taining the charge upon the selected battery 
cell(s) via micro controller having a tri-state out- 
put. 

15. The method as recited in Claim 10, wherein the 
step of determining when an imbalance between 
the charge upon the battery cells occurs and the 
step of selectively charging and discharging at least 
a selected one of the battery cells comprises deter- 
mining when an imbalance between the charge 
upon the battery cells occurs and selectively charg- 
ing and discharging at least a selected one of the 
battery cells via a micro controller. 

16. The method as recited in Claim 10, wherein the 
step of selectively charging and discharging at least 
a selective one of the battery ceils comprises selec- 
tively charging and discharging at least a selected 
one of the battery cells utilizing a multiplexed ana- 
log input and digital output of a micro controller. 

17. The method as recited in Claim 10, wherein the 
steps of determining when an imbalance between 
the charge upon the battery cells occurs and selec- 
tively charging and discharging at least a selected 
one of the battery cells comprise determining when 
an imbalance between the charge upon the battery 
cells occurs and selectively charging and discharg- 
ing at least a selected one of the battery cells via a 
PIC16C74 micro controller, wherein the monitoring 
circuit is at least partially defined by an analog input 
circuit and a multiplexed analog input and digital 
output circuit of the PIC16C74, and a charging/dis- 
charging circuit is defined by a multiplexed analog 
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input and digital output circuit of the PIC16C74 
micro controller. 

18. The method as recited in Claim 10, wherein the 
step of selectively charging and discharging at least s 
a selected one of the battery cells comprises the 
steps of: 

a) charging at least one selected battery cell 
when the selected battery cell(s) have a lower 10 
charge than other battery cells; 

b) discharging at least one selected battery cell 
when the selected battery cell(s) have a higher 
charge than other battery cells; and 

c) maintaining a charge upon at least one is 
selected battery cell when the selected battery 
cell(s) have substantially the same charge as 
other battery cells. 
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